Purpose -The purpose of this study is to investigate disciplinary differences in the use of networked information for research and scholarly communication at Sultan Qaboos University, Oman. The study produced quantitative data on how and why academics within different disciplines utilise networked information either made available internally through the university library, or externally through services accessed by the Internet. Design/methodology/approach -A questionnaire survey was conducted with academic staff at Sultan Qaboos University. Findings-Statistical analysis found a number of significant differences between respondents in the science disciplines and those in the social sciences and humanities with regard to their use of, and attitudes towards, digital information services. While respondents from science disciplines show overall longer and more frequent use of networked information, respondents from humanities and social sciences indicated more positive attitudes toward library networked services. Research limitations/implications -The Arab country context presents a challenge in determining the degree to which results can be extrapolated to other environments, in that disciplines are also divided by language. Science disciplines teach in English, and the social science and humanities in Arabic. Originality/value -While similar studies have been undertaken in developed countries, this study is an attempt to establish some data for a developing Arab country. Keywords -Academic libraries, Networking, Oman, Disciplinary culture, Scholarly communication, Languages. Paper type -Research paper
Introduction
Networked information and communication and the Internet have fundamentally changed the manner in which scholars correspond and work. In particular these networking technologies have had a far-reaching impact on many aspects of the research environment, including collaborative research, the dissemination of research outputs, and the formation of scholarly communities.
As early as 1994, Bailey reported that "global computer networks, such as the Internet, have created a complex electronic communication system that has significantly changed the way scholars informally exchange information and has started to change formal scholarly publication activities" (p.7). By the late 1990s, these transforming effects of the Internet were being widely felt on the established (formal) systems of research and scholarly communication. Globally, academics and researchers were finding they could acquire information, undertake collaborative research projects, and communicate their research findings, far more easily and rapidly with the aid of networking technologies.
While the benefits of networked communication and content have been experienced by scholars and academic libraries globally, they have not been equally distributed. Universities and libraries in developing countries have struggled with various forms of technical and socio-cultural disadvantage in their attempts to optimise the benefits of digital scholarship. And while the impact of networked communication and information services have been frequently studied in the context of developed countries, much less research is available from developing countries, including the developing Arab countries. In particular, there have been no significant attempts to examine Arab scholars' attitudes to the networked environment based on their disciplinary affiliations. Studies of the adoption of the Internet and networked information by research communities therefore need to be conducted in developing Arab countries in order to;
• assess the information and technology gaps that exist between developing Arab countries and developed countries and also between developing Arab countries and other groups of developing countries, • identify if patterns of research related uses of networking technologies in developing Arab countries have been influenced by local factors, such as the social, educational, and linguistic conditions, • assess the impact that networking technologies have had on the research productivity of academics in developing Arab countries.
The research reported in this paper is derived from a survey undertaken at Sultan Qaboos University (SQU) in Oman. SQU was opened in 1986 as the first public university in Oman. At the time of the study the University consisted of seven colleges: Agriculture and Marine Sciences; Arts and Social Sciences; Commerce and Economics; Education and Islamic Sciences; Engineering; Medicine, and Sciences. A College of Law has since been added. At the time of data collection there were approximately 13,000 students enrolled at SQU, with over fifty Bachelor's degrees and thirty Master's degrees on offer.
The University provides various educational support centres to assist student learning, such as the Educational Technology Centre, Language Centre, and the Data System Centre. The University also supports a number of research centres, including those dedicated to water, the environment, oil, telecommunications, remote sensing, seismology, and Omani studies.
The Internet was made available to SQU in late 1997. Since that time the use of networked information and related technologies has become an essential asset in enhancing the University's teaching and research outcomes. Although the Internet and networked information are assumed to be widely used for research related purposes at SQU, there remains a need to investigate the precise extent and patterns of their use by academics for research and scholarly communication, and how this might in turn impact upon the research effectiveness of the University and the nation. low users of databases and full text e-journals. That conclusion had also been supported by Lenares (1999) who-based on a sample derived from twenty universities in the United States-found that physical and biological scientists reported higher use than humanities and social science scholars. Applebee et al. (1998) reported on a survey of the disciplinary differences within broad classifications of the discipline groupings of sciences, arts/humanities, and social sciences. While reporting higher level of usage from science disciplines for some networked communication services, the authors indicated that it may be unreliable to associate frequency of use with academic disciplines, because frequency measures do not make it clear as to exactly how the Internet is used or what types of services are used. Therefore, the researchers assessed disciplinary differences by comparing the usefulness of e-mail for research. On that basis, it was found that science respondents indicated a more positive response than those from the social sciences or humanities. Budd and Connaway (1997) investigated the use of networked information by sampling academics at six departments representing the three broad categories of sciences, social sciences, and humanities, and differences were examined based on respondents' departmental affiliation. When asked whether they use networked information, respondents from the departments of sociology (64%), physics (56%), and chemistry (52%) indicated a majority of positive responses; whereas those from the departments of English, psychology, and history indicated a majority of negative responses. However, no significant differences were reported between respondents according to their department. Lu (1998) investigated how "electronic vehicles" (such as a web site of a journal, e-mail address for a journal, electronic submission, electronic publishing) had impacted on formal scholarly communication by conducting a study of the communication practices of journals in both social science and natural science disciplines. The results indicated that the majority of 21 categories of "vehicles" were used more frequently in natural science disciplines than social sciences. Heterick (2002) compared economists' and humanities scholars' attitudes towards electronic resources. The findings indicate a variance of attitudes between the two groups of scholars. For example, while almost 60% of economists consider the library's online catalog "very important", nearly 90% of humanities scholars consider this to be the case. When respondents were asked whether networked information will reduce their personal visits to the physical library, almost 54% of the economists agreed, as compared to only 22% of those from the humanities. The results also indicate differences between the attitudes of economists and humanities scholars toward the reliability of electronically stored information. While only 24% of the economists indicated they would trust a repository of electronic information, almost 63% of the humanities scholars reported a similar level of trust. Torma and Vakkari (2004) investigated how academics' disciplines and availability of "electronic resources" correlate with their frequency and purpose of use of electronic resources provided by the Finnish National Electronic Library (FinELib). Data were collected using an annual survey of users of the FinELib website. There were 629 respondents identified as belonging to one of six disciplinary groups. The findings indicated disciplinary differences, with respondents from the natural sciences (63%), economists (57%), medicine (46%), and engineering (40%) reporting daily use in more cases than academics from the social sciences (35%) or humanities (34%). However, the study found that "perceived availability" of electronic resources was a stronger predictor of the frequency of use than disciplinary differences.
Digital Information services provided by libraries have also been differently used by academics according to their disciplines. Borgman (2000) and Tenopir (2003) revealed that academics from science disciplines use "electronic information" sourced from academic libraries more than their counterparts from the social sciences and humanities. In the Arab World, Ibrahim (2004) investigated the use of networked information and library services at the United Arab Emirates University and reported that academics from science disciplines indicated higher use than their counterparts in the social sciences and humanities.
Costa and Meadows noted in 2000 that earlier studies conducted in the networking era indicated disciplinary differences in networked information use between scientists and social scientists, but they argued that more recent studies were suggesting that these differences had decreased as all disciplines adapted to the use of digital information and communication. Logically this might be thought to be true as researchers, irrespective of their discipline, became almost universally adept at using information and communication technologies to facilitate their research and communication. The current research therefore provided an opportunity to test the extent to which disciplines had become consistent in their use of, and attitudes towards, networked scholarship.
Methodology
The methodology selected for the research is quantitative, and the tool is a questionnaire survey. The questionnaire was developed with reference to the existing literature and the goal and objectives of the study. Before the questionnaire was distributed for the major collection of data it was piloted and also examined by expert referees. Modifications were made whenever applicable. All academics at SQU were considered probable respondents to the questionnaire, and all colleges were sampled. This approach allowed for the comparison of the results within and between different sample groups.
The questionnaire was translated from English into Arabic to allow academics who do not speak English to participate. Native Arabic speakers who also speak English were given the choice of completing an English or Arabic version. The survey was administered at SQU in December 2004. The response rate to the survey was 48% (n=287) of the 599 distributed questionnaires. The overall response rate of the whole population of SQU academics (765) was 37.5%.
The questionnaire data were coded and entered into the Statistical Package for Social Sciences (SPSS). Both descriptive and inferential quantitative analysis were used to extract maximum information from the data. Firstly, descriptive analysis involving frequency and percentage distribution of all variables, as well as calculating mean scores whenever required; and secondly, inferential analysis for testing associations between particular variables using both parametric and nonparametric statistics. Three types of inferential statistical tests were undertaken, but only the parametric technique of One-Way Analysis of Variance (One-Way ANOVA) is reported, as the supplementary testing did not produce any variations. ANOVA is best used to investigate how several independent variables interact with each other and how these interactions affect the dependent variables (Field, 2005) . In this study One-Way ANOVA was used to determine whether there were significant relationships based on differences of group means between particular variables and disciplinary differences.
Both the Kruskal-Wallis test and Independent-Samples T test (results not reported) were used to verify and qualify the result of ANOVA in this study. This process enhanced the reliability and the trustworthiness of the inferential analysis. For all of the inferential analysis results, the minimum level of significance was determined at .05.
Findings
The categorisation of disciplines in the current study has been based on the organisational structure of SQU, in which colleges have been divided into two broad disciplinary arrangements. These are humanities and social sciences as one division, and sciences as another division. The Humanities and Social Sciences Division includes three colleges; namely the Colleges of Arts and Social Sciences; Commerce and Economics, and Education. The Science Division consists of four colleges; the Colleges of Agriculture and Marine Sciences; Medicine; Engineering, and Science. Therefore, One Way ANOVA is used to determine whether there are significant differences in the respondents' opinions and attitudes according to the broad disciplinary categories associated with SQU's two Divisions. Participants' assessment of their proficiency in using networked information differs significantly across the disciplinary groupings. It is concluded from the ANOVA table (Table 1) that there are statistically significant differences in mean groups at .005 for items 2 and 3. Descriptive data illustrates that respondents from science disciplines consider the proficiency of using networked information is more important than do their counterparts from the humanities and social sciences. Moreover, respondents from science disciplines have been using networked information longer than respondents from humanities and social sciences. Despite these differences in perceived importance and duration of use, there was, however, no significant difference between the disciplines regarding their perception of their current level of skill in using networked information. Of the ten items listed that measure the frequency of use of networked information, five items (1, 2, 4, 6 and 10) across the disciplinary grouping of the participants are found to be statistically significant at .05 level (Table 2 ). Descriptive data illustrates that respondents from science disciplines use e-mail, mailing lists, Internet search engines, and e-journals more frequently than respondents from the humanities and social sciences. In contrast, respondents from humanities and social sciences disciplines use Internet chat more frequently than do their colleagues from the sciences. The ANOVA test reported in Table 3 reveals that of the above listed scholarly communication activities, nine items (all items except 2 and 3) differ significantly as a function of disciplinary affiliation at .05 level. The descriptive data illustrates that respondents from science disciplines indicated more positive responses for all above scholarly communication activities than respondents from humanities and social science disciplines. Among a list of items that investigated the impact of networked information on research and scholarly communication, only two items (2 and 5) were found to differ significantly across the participants' disciplinary groupings at .05 level (Table 4. ). Descriptive data illustrates that respondents from science disciplines indicated more positive responses for the two significant items than do participants from humanities and social science disciplines. These results support the commonly held view that science scholars are more likely to form research teams than those in other disciplines. They also indicate that they have adopted the use of networked information sources to assist in this regard. It is concluded from the above ANOVA table (Table 5 ) that the respondents' attitudes to training and library support differ significantly according to disciplinary groupings at .05 for items 3, 4, 5, 6, 9, 12, and 13. The descriptive data illustrates that participants from humanities and social science disciplines indicated more positive responses to those statically significant items than respondents from the sciences. Respondents' perception of Arabic as a scholarly language revealed statistically significant differences in group means at .005 level for six items (2, 3, 4, 6, 7, and 12) in Table 6 .
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It should be noted that all the colleges in the Science Division teach their programs in English, while colleges in the Humanities and Social Sciences Division teach in Arabic, with the exception of the College of Commerce and Economics which teaches in English. It is therefore apparent that the responses to statements in Table 6 correlate not only with discipline but also with the language used for teaching and research. The first three statistically significant statements (2, 3, and 4), all of which address the issue of sufficiency of "Arabic networked information" reflect the greater reliance on Arabic by social science and humanities scholars. Statements 6 and 7, which address the importance or need to use English (or languages other than Arabic) recorded a significantly more positive response from the science scholars. Interestingly, the science-based respondents also indicated (more than their colleagues in other disciplines) that they would "prefer to write and publish in Arabic if the language was sufficiently available in a networked environment". This strongly suggests that the use of English is a choice that is made for them by the ubiquitous use of English for science communication.
Discussion
As indicated previously, categorisation of disciplines in this study has been based on the organisational structure of SQU, in which colleges have been divided according to the broad disciplinary arrangement of the humanities and social sciences in one Division, and the sciences in another Division. The purpose of this section is to discuss the use of networked information at SQU from a multidisciplinary perspective, in which the two broad disciplinary categories used by the University for administrative purposes are compared.
In general terms the results from this study indicate that science scholars at SQU are significantly more active users of networked information than their social science and humanities colleagues. The results reported in Tables 2, 3 , and 4 in particular indicate the extent to which science respondents are more heavily engaged in the use of networked information for research purposes. These tables record a statistically significant difference in response by discipline for a variety of activities that are essential components of research productivity. These results reflect disciplinary differences regarding the use of, and attitudes towards, networked information at SQU, and can therefore be compared to results from similar studies conducted elsewhere. It is also the case, however, that such comparisons need to be undertaken with caution, as the results may reflect not only differences in the research and scholarly communication based on disciplinary characteristics, but may also be indicative of particular aspects of socio-educational development in Oman and Arab countries more generally. These additional factors include the state of the Arabic language as a means of scholarly communication, and the level of development of an effective research culture in developing Arab countries.
The United Nations Development Programme in its influential Arab Human Development Report (2003) pointed to the "crisis of the Arabic language" (p. 122) when used for scholarly purposes and called for the "Arabization" of university education-particularly science education-in the Middle-East region. The Report noted the domination of English for use in scholarly communication, and the failure-due to a series of socio-political and technical issues-to adapt Arabic for scholarly use in the digital environment. For these reasons Arab scholars' attitudes towards the use of the two languages for teaching and research purposes are of great importance. As noted previously disciplines and language are currently closely aligned at SQU and the results reported in Table 6 seemingly reflect the different experience of respondents who teach and research in English (from the sciences) and those who use Arabic (from the social sciences and humanities). The results recording the significantly lesser reliance by social science and humanities scholars on networked sources of information are likely to be indicative of the underrepresentation of Arabic on the Internet and in other digitised information sources. It should also be noted that the results may point to the uncertain attitude towards the two languages held by science scholars, whereby they recognise the necessity of using English while retaining a preference for Arabic. The issue of language in the comparative use of Arabic and English for communication of Arab scholarship has been discussed by Al-Aufi (2006) .
The Arab Human Development Report also argued that Arab humanities and social science scholars have been working in a vacuum, as their disciplinary networks and communities are poorly formed. This claim is supported by the results of the current study, with respondents from the humanities and social sciences reporting that they communicate with colleagues less frequently than respondents from the science disciplines, and that they have been less successful in working "collaboratively" or establishing "new relations". It can be speculated that science scholars, due to their use of English and the more international focus of science research, have been able to make use of networked communication to attach themselves to established international research communities. This is apparently not the case, however, for the social sciences and humanities wherein scholarship is frequently limited by a local or regional focus and further confined by the use of Arabic. As a result such collaborative communities are less developed for these disciplines, and even opportunities for regional networking appear to be limited. Whereas collaborative research cultures have generally been slower to develop in the social sciences and (particularly) the humanities, the evidence suggests that this is particularly the case in Arab countries.
As noted, earlier studies (Abels et al., 1996; Tenopir, 2003; Torma and Vakkari, 2004) conducted in developed countries recorded similar differences between disciplines in a networked environment, but more recent studies have suggested that the disciplinary 'gap' in the use of networked information might be closing (Costa and Meadows, 2000) . The current study contradicts this trend as disciplinary differences are still strongly indicated in the use of networked information at SQU, suggesting that there is a 'lag' in closing this gap. This is possibly due to the comparatively late uptake of networking technology at SQU-and elsewhere in the Arab world-but may also be due to the issues associated with language and underdeveloped research cultures.
An unexpected element of the results is that social science and humanities respondents reported a more positive response to the networked services provided by the SQU Library (Table 5 , item 13), when other elements of the results indicate that social science and humanities respondents use these resources less than their science counterparts, and also report being comparatively dissatisfied with the level of these resources available in their preferred language (Arabic). It is therefore likely that this result reflects a greater dependence on library services and support within these disciplines, and that their generally higher level of satisfaction with other aspects of library services (also reported in Table 5 ) has been extended to "networked information services".
The extent to which the results from this study might be extrapolated to other Arab countries, or developing countries more generally, is also relevant. It can be hypothesised that as other Arab countries in the Persian Gulf region share similar circumstances in terms of the development of their higher education, research and communication infrastructure that they may demonstrate similar results. They also experience many of the same social and linguistic circumstances that contextualise the results of this study. It would be less safe to assume the results would be replicated in other Arab countries (for example those of the Maghreb region), or to developing countries more generally.
Conclusion
The research reported above indicates that science scholars at SQU are more dependent on networked information that those from the social sciences and humanities. This situation likely reflects differences that are intrinsic to the nature of scholarship within the disciplines and have previously been reported with regard to more 'traditional' forms of scholarship. While other research suggests that these differences might be reduced within a networked environment there is little indication that this had occurred at SQU at the time this research was conducted. It is concluded that this may be due in part to the comparatively recent uptake of networking technologies in Oman, but it is also likely to reflect aspects of the current state of scholarship in developing Arab countries, in particular the poor utilisation of Arabic in digital information environments and the lack of developed research cultures. In both respects the results from this study indicate that scholars in the social sciences and humanities are disadvantaged in a manner which is likely to negatively impact on their use of networked services for research and communication.
Additional research is required in developing Arab countries in order to understand more about the particular circumstances faced by scholars when using networked information services. This research could focus on the educational and social contexts in which the technology is deployed, in order to better understand their impact on research productivity in different disciplines.
The conclusions of this study also have implications for the development and implementation of digital library services aimed at optimising the research productivity of Oman and other developing Arab countries. In particular academic librarians need to develop strategies to provide scholars-particularly those working in the social sciences and humanities-with support in compiling and accessing digitised Arabic resources; and to assist in using networking technologies to build and sustain regional research communities for these same disciplines.
